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Abstract
Background—The metabolic syndrome (MS) is associated with increased risk for diabetes
mellitus and coronary heart disease, and is highly prevalent among schizophrenia patients. Given
concerns over antipsychotic metabolic effects, this analysis explored MS status and outcomes in
phase 1 of the CATIE Schizophrenia Trial.
Methods—The change in proportion of subjects with MS and individual criteria was compared
between antipsychotic treatment groups, along with mean changes for individual criteria. Primary
analyses examined subjects with fasting laboratory assessments at baseline and 3 months. Other
analyses examined 3-month changes in MS status, waist circumference (WC), HDL cholesterol
and blood pressure in all subjects, metabolic changes at the end of phase 1 participation (EOP),
and repeated measures changes in HDL, blood pressure (BP) and WC over phase 1.
Results—At 3 months, there were no significant between-drug differences for the change in
proportion of subjects meeting MS status or individual MS criteria in the smaller fasting cohort
(n=281) or for those meeting criteria for parameters not dependent on fasting status (BP, HDL,
WC) among all subjects (n=660). Among all subjects whose MS status could be determined at 3
months (n=660), MS prevalence increased for olanzapine (from 34.8% to 43.9%), but decreased
for ziprasidone (from 37.7% to 29.9%) (p=.001). Although effect sizes varied across subgroups, at
3 months olanzapine and quetiapine had the largest mean increase in waist circumference (0.7 in
for both) followed by risperidone (0.4 in), compared to no change for ziprasidone (0.0 in) and a
decrease in waist circumference for perphenazine (−0.4 in). Olanzapine also demonstrated
significantly different changes in fasting triglycerides at 3 months (+21.5 mg/dl) compared to
ziprasidone (−32.1 mg/dl). EOP exposure data was obtained, on average, nine months from
baseline for all metabolic variables. Results from EOP and repeated measures analyses were
consistent with those at 3 months for mean changes in WC and fasting triglycerides, but between
group differences emerged for HDL and SBP.
Conclusions—This large non-industry sponsored study confirms the differential metabolic
effects between antipsychotics. Clinicians are advised to monitor all metabolic parameters,
including WC, HDL and serum triglycerides, during antipsychotic treatment.
Keywords
antipsychotic; schizophrenia; metabolic syndrome; lipids; HDL; triglycerides; waist
circumference; central adiposity
Introduction
The metabolic syndrome concept has been in around in several forms and with various
names (syndrome X, the dysmetabolic syndrome, the deadly quartet, the GHO syndrome
{glucose intolerance, hypertension, obesity}) for 20 years (Reaven, 1988). In certain
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susceptible individuals, weight gain results not only in compensatory hyperinsulinemia, but
co-occurring hypertension, atherogenic dyslipidemia (decreased high density lipoprotein
cholesterol, elevated triglycerides), and increased levels of prothrombotic proteins and
inflammatory markers. These metabolic parameters define a continuum of risk, such that
those individuals who have more features of this syndrome appear more greatly predisposed
to type 2 diabetes mellitus (DM) (de Vegt et al., 2001) and cardiovascular (CV) disease
(Ford, 2004).
Since the publication of the Clinical Antipsychotic Trials of Intervention Effectiveness
(CATIE) Schizophrenia Trial baseline metabolic syndrome data in 2005 (McEvoy et al.,
2005), two important trends have emerged in the worldwide metabolic syndrome literature.
In late 2005, the International Diabetes Federation modified the metabolic syndrome criteria
previously elaborated by the National Cholesterol Education Program (NCEP) (Expert Panel
on Detection Evaluation and Treatment of High Blood Cholesterol in Adults, 2001), with an
emphasis on abdominal adiposity as a necessary condition that must be met, in addition to a
minimum of 2 of the other 4 criteria (see Table 1) (Alberti et al., 2006). While this newer
definition asserts the primacy of central obesity in the conceptualization of metabolic
syndrome, it is not entirely clear that it yields greater predictive power for future CV events
than NCEP criteria (Assmann et al., 2007). The varying definitions have also fueled an
ongoing debate in the recent literature over the value of the metabolic syndrome concept
(Kahn et al., 2005; American Heart Association et al., 2005; Reaven, 2005). Embedded in
this discussion are concerns over the absence of a unifying pathophysiological mechanism
that encompasses all criteria, and the finding that the syndrome diagnosis itself confers no
greater predictive value for assessing CV risk than traditional estimating algorithms
(Wannamethee et al., 2005). Nonetheless, there is a strong association between the number
of metabolic syndrome criteria met and increased risk of CHD (Girman et al., 2005);
moreover, the concept is of value by highlighting clinical findings that, in isolation, may not
generate significant attention, and are associated with future risk for DM and CHD (Lorenzo
et al., 2007). Hypertension and low levels of high density lipoprotein (HDL), the so-called
“good” cholesterol, have long been recognized as predictors of CHD risk (Barter et al.,
2007), but the NCEP metabolic syndrome definition provided clinicians a useful concept for
understanding the association between central adiposity, serum triglycerides, insulin
resistance and DM risk, and the need for routine monitoring of waist circumference (WC)
(as a marker of central adiposity) and triglycerides (Jeppesen et al., 1998; Expert Panel on
Detection Evaluation and Treatment of High Blood Cholesterol in Adults, 2001).
Cardiovascular disease remains one of the primary causes of mortality among patients with
severe mental illness, with standardized mortality ratios approximately two times greater
than the general population (Saha et al., 2007). Baseline data from the CATIE Schizophrenia
Trial and other large cohorts have underscored the public health problem of high CHD risk
(Goff et al., 2005) and the increased prevalence of prediabetic states such as the metabolic
syndrome in patients with schizophrenia (Cohn et al., 2004; McEvoy et al., 2005; Hagg et
al., 2006; Saari et al., 2005; De Hert et al., 2006; Bobes et al., 2007; Srisurapanont et al.,
2007). Multiple cross-sectional studies have shown that the schizophrenia population has a
prevalence of type 2 DM and metabolic syndrome twofold greater than the general
population (Bushe and Holt, 2004; Cohn et al., 2004; McEvoy et al., 2005; De Hert et al.,
2006; Bobes et al., 2007). Comparative analysis of 689 subjects entering the CATIE
Schizophrenia Trial and demographically matched individuals from the general population
revealed odds ratios for meeting NCEP-defined metabolic syndrome of 2.4 and 3.5 for men
and women with schizophrenia (respectively) (McEvoy et al., 2005). There was also greater
prevalence of every metabolic syndrome criterion except fasting glucose for men,
illustrating the point that changes in fasting glucose are relatively late markers of diabetes
risk.
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While lifestyle factors such as smoking are significant contributors to CV risk for patients
with schizophrenia (Goff et al., 2005), one source of metabolic risk derives from the
treatment itself. The finding of differential metabolic profiles for atypical antipsychotics was
first noted in early retrospective literature (Meyer, 2002), but confirmed by numerous
prospective studies (Newcomer, 2005). The parameters most greatly influenced by treatment
with metabolically offending medications are weight, serum triglycerides and measures of
glycemic control, with substantially less effect on serum HDL or blood pressure
(Newcomer, 2005). In 2004, representatives of the American Diabetes Association,
American Psychiatric Association and other associations for the study of endocrine issues
and obesity published a consensus report (the ADA/APA Consensus paper) calling attention
to the relatively greater risk for weight gain, hyperlipidemia and hyperglycemic states
imposed by exposure to olanzapine and clozapine, and also for strict monitoring of
metabolic outcomes in all patients during atypical antipsychotic therapy (American Diabetes
Association, 2004).
The bulk of the antipsychotic metabolic outcomes data derives from industry sponsored
studies, where subject selection may specifically exclude individuals with medical
comorbidities. The broad recruitment strategy of the CATIE Schizophrenia Trial, its
multisite design and large sample size, offers a unique opportunity to explore the differential
impact of antipsychotics on the metabolic syndrome in a sample that more closely
approximates the expected medical and functional status of chronic patients with
schizophrenia in the US. Given the known proclivities for metabolic disturbance among the
antipsychotics in phase 1, the a priori hypothesis for this analysis is that there would be
significant between-drug differences in their impact on the components of the metabolic
syndrome.
Methods
Study Setting, Design and Subjects
The recruitment criteria for the CATIE Schizophrenia Trial and enrollment methods have
been previously described (Stroup et al., 2003). Briefly, the CATIE Schizophrenia Trial is a
national, multisite, NIMH-sponsored prospective trial, conducted between January 2001 and
December 2004, examining antipsychotic effectiveness in patients with schizophrenia ages
18–65. First episode patients and those with a diagnosis of schizoaffective disorder were
excluded. The primary outcome measure was all cause antipsychotic discontinuation, but the
CATIE design broadly assessed metabolic, symptom, economic, neurocognitive and
functional outcomes. Institutional Review Board approval was obtained at each of the 57
sites, and subjects voluntarily enrolled after having been provided informed consent in
verbal and written form. Baseline demographic information collected on each subject
included age, gender, NIH designations of ethnicity and race, and current antipsychotic
medication; however, neither duration of current antipsychotic regimen, nor historical
information regarding duration of prior antipsychotic trials was obtained. Identifying
information was removed from databases prior to analysis to preserve subject
confidentiality. Data from one site (33 patients) were excluded from all analyses because of
concerns about their integrity.
In phase 1, subjects were initially randomized to receive olanzapine, perphenazine,
quetiapine or risperidone under double-blind conditions and followed up to 18 months, or
until the subject discontinued the medication. Two hundred and thirty-one subjects with
baseline tardive dyskinesia (TD) were excluded from assignment to perphenazine.
Ziprasidone was added to the protocol in 2002 after 40% of the sample had been enrolled,
thus creating 4 separate randomization cohorts for analysis based upon TD status, and
whether enrollment occurred prior to or after ziprasidone was available. Subjects who
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discontinued medication in phase 1 prior to 18 months could be followed in subsequent
phases of the study (2 and 3). The mean daily medication doses in phase 1 were: olanzapine
20.1 mg, perphenazine 20.8 mg, quetiapine 543.4 mg, risperidone 3.9 mg, ziprasidone 112.8
mg (Lieberman et al., 2005).
Measures
CATIE subjects were asked to present in a fasting state for laboratory evaluations, but there
was a significant range recorded for time since last meal. Published data support the use of 8
hours or more since last meal as an appropriate definition of fasting (Troisi et al., 2000), so
this was used as the cutoff for determination of fasting status. The definition of the
metabolic syndrome itself, derived from the NCEP definition, involves satisfying 3 or more
of the criteria noted in Table 1, and is the one most commonly used in recent U.S.
prevalence studies (Grundy et al., 2004). Blood pressure was performed as a single, seated
determination, and WC measured at the narrowest point. All metabolic laboratory measures
were performed at the Quintiles central laboratory.
For those subjects whose baseline laboratory values were not obtained in a fasting state by
the definition above, we sought to classify metabolic syndrome status using the available
data in order to enlarge the pool of subjects with which to assess change in metabolic
syndrome status. Blood pressure, WC and HDL criteria are not influenced by fasting status,
and could be accurately assessed in nonfasting subjects. Both serum glucose and
triglycerides are affected by recent food ingestion, and present some challenges for
interpretation. The glucose criterion was considered met for the nonfasting subjects if they
were prescribed hypoglycemic medications or insulin, or if the random glucose value was ≥
200 mg/dl, meeting the ADA cut point for DM using random glucose values (American
Diabetes Association, 2007). The glucose criterion was considered not met if the random
(nonfasting) serum glucose was less than 100 mg/dL. Similarly, the triglyceride criterion
was considered not met if the random serum value was less than 150 mg/dl. Random
glucose values in the range of 100–199 mg/dl (in those not taking antidiabetic medications),
and random triglyceride values of 150 mg/dl or greater were not counted positively or
negatively for the respective criteria. Laboratory measures were collected at baseline and 3,
6, 12, and 18 months. Blood pressure and WC were obtained at screening, 1, 3, 6, 9, 12, 15
and 18 months.
Analyses
The primary analysis was conducted in subjects with fasting laboratory values at baseline
and the primary endpoint (the fasting cohort). The endpoint for this analysis was the 3-
month visit, a point that permits maximal retention of subjects in all treatment arms, while
also providing a clinically meaningful time frame for the demonstration of differential
metabolic effects. These analyses examined mean changes in metabolic syndrome variables
and the proportion meeting metabolic syndrome criteria, and each of the individual criteria.
Secondary analyses were performed using 3-month, and end of phase (EOP) data in all
subjects for whom metabolic data was available. For those subjects who did not remain on
the randomized medication for 18 months, the EOP data for phase 1 is from the last visit
prior to switching or discontinuation. Change from baseline WC, HDL and systolic and
diastolic blood pressure in phase 1 was also compared across treatment groups with a mixed
model. Change in fasting glucose or triglycerides were not assessed over 18 months with a
mixed model due to the paucity of fasting samples at each time point.
Statistics
Treatment groups were compared for change from baseline in the proportion meeting MS
status or individual syndrome criteria by a mean-score chi square test for ordinal data (4 df).
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For continuous outcomes, unadjusted mean changes were examined using a 4 df Analysis of
Variance (ANOVA). If this initial analysis yielded an overall treatment group difference,
subsequent pairwise comparisons were performed. The p-values from the 10 between-drug
pairwise comparisons for each variable were evaluated using a Bonferroni correction to
maintain the overall Type I error rate of .05, yielding an alpha of .05/10 = .005 as the
threshold for significance. All variables were examined for normality of distribution, and
both change in glucose and triglycerides had a small number of extreme values (six and five
respectively) defined as being greater than 3 standard deviations from the mean. Extreme
values were addressed using a Winsorization method, by which the n largest and smallest
data points are replaced by the (n+1)th largest and smallest values for change in glucose and
triglycerides (Dixon, 1960).
An Analysis of Covariance (ANCOVA) was also used to adjust for demographic and other
baseline measures that were found be associated with the change in metabolic syndrome
variables. Variables considered for inclusion in the ANCOVA models included the baseline
value of the dependent change variable, age, gender, race, ethnicity, and duration of
treatment (for the EOP analyses only). Ziprasidone was added as a treatment option after
recruitment of approximately 40% of the phase 1 sample, so analyses were also examined to
determine whether the sample enrolled after the availability of ziprasidone differed from that
previously entered (i.e. a ziprasidone cohort effect), and whether prior TD was a factor.
Interactions between treatment group and significant covariates were explored for each
model. If an interaction was identified, treatment groups were compared within levels of the
covariate using additional ANCOVA models.
The mixed model analysis of WC, HDL and blood pressure outcomes includes terms
representing the baseline value of the dependent variable, time (treated as a classification
variable), other covariates determined to be important in the ANCOVA models, and terms
representing baseline-by-time and treatment–by-time interactions. The baseline-by-time
term adjusts for baseline differences in characteristics of patients who dropped out early, and
are less well represented at later time points. A random subject effect and a spatial power
covariance structure were used to adjust standard errors for the correlation of observations
from the same individual.
Results
Among the 933 subjects with data at baseline and 3 months, there were only 281 subjects
with fasting laboratory measures at both time points (the fasting cohort). Table 2 shows the
baseline demographics of all subjects, and the subject cohorts used in the primary 3-month
analyses (e.g. fasting, all classifiable). Initial demographic comparison of the fasting cohort
and nonfasting subjects indicated no significant between group differences. The 3-month
outcome analysis of metabolic syndrome status and proportion that met each criterion in the
fasting cohort showed no differences between treatments (Table 3). Among the 933 subjects
who had baseline and 3-month data, the metabolic syndrome status could be classified for
660. In this larger all classifiable (AC) group, the 3-month analysis of metabolic syndrome
status (Table 4) did reveal significant between group differences in the proportion changing
metabolic syndrome status between olanzapine (+9.1% from baseline) compared to
ziprasidone (−7.8%) (p=.001). An examination of the change from baseline to 3 months in
the proportion meeting the WC, blood pressure and HDL criteria found no significant
between group differences (Table 4a).
The two medications most represented at CATIE phase 1 baseline were olanzapine (22%) or
risperidone (19%). An analysis explored the effect on MS status and individual criteria of
staying on these particular medications or being switched from other treatments to these
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medications in phase 1, but found no significant differences in the fasting cohort
(Supplemental Data Table A), or the larger AC cohort (Supplemental Data Table B).
Covariate analyses of mean changes in individual parameters at 3 months (Table 5) found
significant between group differences in WC (p<.001) and fasting triglycerides (p=.016).
Estimated increase in WC was greatest for olanzapine and quetiapine (+0.7 in, SE=0.2 for
both), followed by risperidone (+0.4 in, SE=0.2) and ziprasidone (+0.0 in, SE=0.2), with
only perphenazine showing a mean decrease (−0.4 in, SE=0.2). Estimated change in fasting
triglycerides ranged from +21.5 mg/dl (SE=10.3) for olanzapine to −32.1 mg/dl (SE=15.7)
for ziprasidone, with between group differences significant for olanzapine vs. ziprasidone
(p=.005). No significant differences between treatments were found for mean changes in BP,
HDL and fasting glucose.
An interaction between 3-month change in WC and both age and baseline WC was
identified. Younger and thinner subjects experienced more deleterious changes than older
and more centrally obese individuals (Figure 1). For subjects with baseline WC below the
median (39 inches), between group comparison was significant for olanzapine vs.
perphenazine (p=.001), and olanzapine vs. ziprasidone (p=.001). For subjects with baseline
WC at or above the median, between group comparison was significant for olanzapine vs.
perphenazine (p=.001), quetiapine vs. perphenazine (p<.001), risperidone vs. perphenazine
(p=.001). Among subjects with baseline age below the median (42 years), between group
comparison was significant for olanzapine vs. perphenazine (p<.001), quetiapine vs.
perphenazine (p=.004), risperidone vs. perphenazine(p=.003), but was significant only for
quetiapine vs. perphenazine (p=.002) in those with baseline age ≥ 42. A significant
interaction between treatment and gender was identified for 3-month change in HDL, and a
ziprasidone cohort effect was found for the 3-month change in HDL and fasting glucose;
however, further analysis revealed these interactions to be unimportant to between group
treatment comparisons.
As seen in the 3-month results, analysis of change to the end of phase 1 (EOP) identified an
interaction between treatment group and baseline values for WC. Thinner subjects at
baseline had larger increases in WC, and olanzapine exposure was associated with greater
increases versus every other medication among these subjects (p=.001 vs. risperidone, p<.
001 vs. quetiapine, ziprasidone, and risperidone). For subjects with baseline WC ≥ 39
inches, only those on olanzapine and quetiapine did not have decreases in central adiposity,
and this was significantly different for both agents versus perphenazine (p<.001 vs.
olanzapine, p=.003 vs. quetiapine), and for olanzapine vs. risperidone (p=.003). The
significant difference in fasting triglycerides between olanzapine and ziprasidone at 3
months was also seen in the EOP analysis (p=.003), but only for subjects at or above the
median triglyceride level (148 mg/dl).
With the longer mean time of exposure for the EOP analysis compared to the 3-month data,
significant between-group differences in HDL and SBP emerged. Perphenazine showed
disparate effects on HDL with significantly favorable impact among whites (mean increases)
compared to olanzapine and quetiapine, but both olanzapine and perphenazine were
associated with a deleterious impact in non-whites when compared to ziprasidone. For
subjects with baseline SBP at or above the median (122 mm Hg), SBP decreased for all drug
groups, and the difference was significant (p=.001) between risperidone (−9.0 mm Hg,
SE=1.1) and olanzapine (−3.6 mm Hg, SE=1.2) Among subjects with fasting triglyceride
levels at or above the median (148 mg/dl), all medications decreased fasting triglyceride
levels except for olanzapine (+5.2 mg/dl, SE=17.4), and this was significantly different than
ziprasidone (−96.4 mg/dl, SE=28.5) (p=.003).
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Repeated measures mixed model analysis of WC showed an interaction with baseline value
(Figures 2a and 2b). Olanzapine caused greater increases in central adiposity (+1.9 inches)
against all other medications (range +.3 inches [ziprasidone] to +1.1 inches [ripseridone])
for subjects with WC below the median, and perphenazine (− 1.0 inches) was superior to
both olanzapine (+.2 inches; p<.001) and quetiapine (0.0 inches; p=.001) for those with
baseline WC above the median. For those subjects with baseline WC at or above the median,
only the olanzapine-exposed cohort did not experience an adjusted mean decrease in WC.
Results of mixed model analyses for HDL cholesterol and systolic blood pressure were
consistent with findings from the EOP analyses. For HDL, there remained a significant
effect of race on outcomes, with perphenazine causing increases among whites (+3.1 mg/dl)
that was statistically different than olanzapine, risperidone and quetiapine. Among
nonwhites perphenazine decreased HDL (−1.0 mg/dl), and this change was different than for
ziprasidone (+3.6 mg/dl; p=.002), as was the comparison between olanzapine (−1.4 mg/dl)
and ziprasidone (p<.001). Changes in diastolic BP were not significant, but systolic BP was
influenced by baseline value. There was one significant between group difference
(perphenazine +4.2 mm Hg vs. ziprasidone + 8.6 mm Hg, p=.005) for subjects with baseline
SBP below the median value (122 mm Hg). Among those with baseline SBP at or above the
median value, change for olanzapine was significantly different than risperidone (−4.6 vs.
−8.4 mm Hg; p=.003), as seen in the EOP analysis, but also for olanzapine vs. ziprasidone
(−4.6 vs. −9.1 mm Hg; p=.005).
Discussion
The CATIE Schizophrenia Trial represents the largest randomized, double-blind
nonindustry sponsored antipsychotic study. The results presented here provide further
confirmation of differences in metabolic impact among atypical antipsychotic medications,
and those parameters mostly influenced, even during brief periods of exposure. Adverse
changes in any of the metabolic syndrome components incurs additive risk for future DM
and CHD, but the association between insulin resistance, serum triglycerides and central
adiposity are particularly strong (Mayer-Davis et al., 2001; McLaughlin et al., 2003).
The impact of olanzapine on metabolic outcomes has been documented previously, but these
data indicate that within 3 months of exposure to olanzapine there was a significant increase
in the proportion of subjects who met metabolic syndrome criteria, while those switched to
ziprasidone show decreased MS prevalence. Even among subjects with clinical findings
associated with insulin resistance, whether based on baseline WC or serum triglycerides,
olanzapine exposure was associated with further deterioration in metabolic status. Continued
worsening of metabolic profiles has been shown during long-term clozapine exposure
(Henderson et al., 2005), but the repeated measures and EOP data indicate that olanzapine
may share this propensity. This is an important consideration for the monitoring of subjects
during olanzapine treatment, especially for patients who already have evidence of metabolic
dysfunction, and for the initial choice of antipsychotic treatment.
This is also the largest study to indicate that quetiapine, when used in full therapeutic
antipsychotic dosages, may have significant effects on central adiposity. The APA/ADA
Consensus paper published in 2004 indicated that, with the information available as of
November 2003, quetiapine and risperidone may have similar metabolic profiles, and were
more benign than clozapine or olanzapine (American Diabetes Association, 2004).
Henderson’s subsequent analysis of insulin sensitivity in patients on quetiapine (n=7) or
olanzapine (n=8) found olanzapine markedly worse than normal controls (n=9), but no
significant difference versus quetiapine, or for quetiapine versus controls, though insulin
sensitivity inversely correlated with quetiapine dose (p = .0001) (Henderson et al., 2006).
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The data presented here suggest that quetiapine has significant adverse effects on HDL (in
white subjects) and adiposity in a manner not seen with risperidone, despite not having a
greater impact on serum glucose. As expected from earlier studies (Weiden et al., 2007),
ziprasidone did not significantly worsen and often improved metabolic indices, particularly
central adiposity and triglycerides.
The accumulated literature on antipsychotic metabolic effects has noted less impact on
blood pressure than other metabolic parameters, and this is confirmed here. Weight gain is
associated with hypertension, but over the time frame of this study this effect on BP was not
evident. The absence of a significant signal for HDL changes in other antipsychotic studies
may have been the result of limited duration of exposure and smaller sample sizes, since the
EOP results here reveal a deleterious impact of olanzapine and quetiapine on serum HDL in
whites, and significant improvement in HDL with ziprasidone in non-whites. Whether the
failure to find a significant impact of ziprasidone on HDL among whites, and olanzapine or
quetiapine on HDL in non-whites, is a function of type II error, or represents a unique
interaction between antipsychotic properties and biology is unknown. The perphenazine
data, however, suggests that the concept of differential metabolic effects between
antipsychotics on the basis of race is one worth exploring.
Early studies showed that low potency phenothiazines were capable of causing weight gain,
elevated triglycerides and hyperglycemia, while high potency agents appeared metabolically
neutral (Meyer and Koro, 2004), but there is virtually no information on medium potency
agents such as perphenazine published in the past 40 years. The data from CATIE phase 1
are clear that perphenazine, a phenothiazine whose affinity for dopamine D2 receptors is one
fifth that of haloperidol, appears to be metabolically neutral, with effects that are similar to
ziprasidone. The one exception to this profile was the HDL decreases in non-whites, an
unexpected result that provides further impetus for examining the impact of race and other
biological markers of metabolic risk, on antipsychotic metabolic outcomes.
The lack of significant between group differences for glucose should not reassure clinicians
that there are no differences in the risk for future type 2 DM between antipsychotic agents.
The development of DM is the result of a long-term process, evolving over 10–20 years, that
starts with insulin resistance, and progresses as patients experience β-cell failure. Changes in
serum glucose may not be robust during shorter time frames, but the association between
insulin resistance, WC and serum triglycerides raises concern that medications which impact
markers of insulin resistance are hastening the onset of this metabolic process.
One limitation of the present study centers on the fact that insulin sensitivity was not directly
measured, so we are left to infer changes in insulin resistance risk from associated
parameters such as WC or serum triglyceride levels. Direct measurement of insulin
sensitivity requires sophisticated, time consuming and expensive methods (e.g. euglycemic
clamp, frequently sampled intravenous glucose tolerance testing) beyond the scope of this
trial, and also involves controls for sources of variation such as time of day or phase of
menstrual cycle. Duration of baseline antipsychotic exposure was also not recorded, a factor
that becomes relevant primarily if those with longer exposure to more metabolically
offending medications were randomized inequitably between various medications arms.
Lastly, WC is used as a marker of visceral adiposity, rather than employing direct dexascan-,
CT- or MRI-based determination of visceral fat mass. While imaging methods yield greater
precision, this comes at greater cost; moreover, clinical studies have shown that
anthropometric measures of central adiposity are highly correlated with direct determination
(Snijder et al., 2002), and thus can be recommended for routine clinical purposes.
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An underlying purpose behind the identification of individuals who meet criteria for
metabolic syndrome is to prevent the conversion from prediabetes to overt DM, since type 2
DM is considered a predictor of future myocardial infarction risk equivalent to having a
diagnosis of CHD (Expert Panel on Detection Evaluation and Treatment of High Blood
Cholesterol in Adults, 2001). Patients with schizophrenia have high mortality from natural
causes, especially CHD (Saha et al., 2007), and are clearly susceptible to metabolic
dysfunction and type 2 DM, yet some individuals may respond better to medications that
carry greater metabolic burdens. These data provide further support for the use of all
components of metabolic syndrome, not just serum glucose, in the routine health monitoring
of antipsychotic exposed patients in order to forestall the onset of DM and increased CHD
risk (Meyer and Nasrallah, 2003; Marder et al., 2004). Emerging data may identify the
mechanisms by which metabolically offending medications decrease insulin sensitivity
(Houseknecht et al., 2007), but, for the present, clinicians are advised to be judicious in the
use of medications with potential metabolic liabilities, to be mindful of the pattern of
metabolic problems seen with antipsychotics, especially clozapine, olanzapine and
quetiapine, and to routinely monitor for all metabolic syndrome criteria, with particular
attention to WC, serum HDL and triglycerides.
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Table 1
NCEP-Derived Diagnostic Criteria for the Metabolic Syndrome (≥ 3 criteria must be present to establish
diagnosis)(Grundy et al., 2004)
RISK FACTOR DEFINING MEASURE
Abdominal obesity
  Men > 40 inches
  Women > 35 inches
Fasting Triglycerides ≥ 150 mg/dL
High Density Lipoprotein (HDL)
  Men < 40 mg/dL
  Women < 50 mg/dL
Blood Pressure ≥ 130/85 mm Hg
or on antihypertensive medication
≥ 100 mg/dL
Fasting Glucose or on insulin or hypoglycemic medication
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Table 2
Baseline Demographics of the Fasting Subject Cohort, the All Classifiable Subject Cohort, and All Subjects in
CATIE Phase 1
Parameter Fasting Cohort All Classifiable Cohort All Subjects
Age 40.3 (n=281) 40.9 (n=660) 41.1 (n=933)
Gender (% Male) 77.9% (n=281) 74.9% (n=660) 74.0% (n=933)
Race (% White) 65.5% (n=281) 60.1% (n=659) 61.2% (n=932)
Ethnicity (% Hispanic) 11.7% (n=281) 10.9% (n=660) 11.7% (n=933)
Years Since First Antipsychotic Treatment 14.0 (n=271) 14.4 (n=636) 14.5 (n=899)
Systolic BP (mm Hg) 124.3 (n=278) 124.6 (n=658) 124.9 (n=924)
Diastolic BP (mm Hg) 79.6 (n=278) 78.9 (n=658) 79.0 (n=924)
Waist Circumference (in) 39.0 (n=276) 38.9 (n=654) 39.5 (n=914)
Body Mass Index (kg/m2) 29.5 (n=278) 29.3 (n=653) 30.0 (n=923)
HDL (mg/dL) 43.8 (n=281) 44.7 (n=660) 43.5 (n=891)
Note: Comparison of the fasting cohort with nonfasting subjects revealed no significant between group differences for any parameter.
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Table 4



















Overall Treatment Difference .015
†
Change from baseline to 3 months in proportion of subjects meeting criteria for metabolic syndrome is greater for olanzapine than for ziprasidone
(p=0.001) among all classifiable subjects.
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